As shown in Nuechterlein's systematic and thorough review of the literature, a great deal of research on the use of reaction time (RT) to study attention in schizophrenia has been undertaken. In these studies, the properties or attributes of stimuli (modality, intensity, auditory frequency, and duration) are manipulated not to determine their direct effect on the response, but to infer indirectly differences in attention between patients and normals; e.g., regularity of foreperiod duration in the Shakow paradigm or sequence of sensory modality in the Sutton paradigm.
reaction time as a psychophysical method in psychiatric research* Mitchell L. Kietzman and Samuel Sutton As shown in Nuechterlein's systematic and thorough review of the literature, a great deal of research on the use of reaction time (RT) to study attention in schizophrenia has been undertaken. In these studies, the properties or attributes of stimuli (modality, intensity, auditory frequency, and duration) are manipulated not to determine their direct effect on the response, but to infer indirectly differences in attention between patients and normals; e.g., regularity of foreperiod duration in the Shakow paradigm or sequence of sensory modality in the Sutton paradigm.
What we propose in this short paper is to turn the paradigm upside down and to discuss the potential fruitfulness of using RT to examine differences between groups in their sensory capacity. In this approach, the attentional variable shifts from the focus of the experiment to the status of one of the major sources of artifact. And, paradoxically, we attempt to show that the RT technique, which is so uniquely suited to the measurement of attentional differences, is also particularly well suited to the reduction of the influence of attention and other similar variables as sources of experimental artifact. Although the advantages of using the RT technique for studying the sensory performance of psychiatric patients are the major topic of this report, it should be noted that many of the proposed advantages may apply equally as well for the use of other response measures in psychiatric research.
Sensory Measurement in Psychiatric Patients
Despite the large clinical literature based primarily on phenomenological observation reporting sensory and * Reprint requests should be addressed to the senior author at the New York State Psychiatric Institute, 722 West 168th St., New York, N.Y. 10032 perceptual differences between psychiatric patients and normals (Freedman 1974 , Gross and Huber 1972 , and Silverman 1969 , surveys of the experimental literature Jenness, Kietzman, and suggest that it is still an open question whether or not psychiatric patients display genuine, sensory differences. It seems that almost none of the assertions about sensory differences have survived the test of tight experimental technique. As will be developed below, the problem is not just the lack of adequate control of the attentional variable but a variety of issues related to methodology.
At the core of the problem appearsto be the fact that psychophysical methods as developed for work with normal subjects may not be directly applicable for work with psychiatric patients; i.e., psychophysical methods for work with psychiatric patients must be carefully selected and readapted before they are usable. To take one example, early experiments showing differences in critical flicker fusion (CFF) between psychiatric patients and normals that were done with the method of limits were not confirmed when a more controlled forcedchoice psychophysical procedure (Clark, Brown, and Rutschmann 1967) was used during replication. The inability to replicate the finding that psychiatric patients had different CFF thresholds with a more refined method apparently was due to the fact that in the earlier studies response criterion was uncontrolled. Patients evidently appeared to be less sensitive in their CFF thresholds in the earlier studies because they needed to be more certain they saw the light flickering before they reported flicker. Thus, the use of an appropriate psychophysical method that controlled for response criterion eliminated the apparent sensory difference.
Another consequence of using an inadequate or inappropriate method is that many patients may be unable to do the psychophysical discrimination that is required of them-even when they appear to be cooperative, motivated, and attentive. In the extreme case, in one of our sensory experiments not a single patient rose by more than a few percentage points above chance performance levels. As a result we could obtain no inkling of the degree to which they were able to discriminate the stimuli.
In sensory experiments if patients cannot discriminate above chance levels, they are excluded as subjects from the study. A worse situation occurs when the patients discriminate above chance but at levels that do not represent their actual sensory capacity; i.e., their performance is confounded by a host of nonse'nsory variables having to do with response criterion, motivation, and understanding of the task. In this case the data are often used; but upon retesting these patients or a new group of comparable patients, the results are likely to differ. It is this set of circumstances that perhaps explains in part the frequent failure to replicate results in such experiments.
In classical psychophysical investigations, one developed confidence in a measure because it was derived from a complete psychophysical function. The finding that the curve was monotonic or had the right shape and tilt permitted conviction that the subject was doing the task. However, if the subject's criterion was cautious, it might meet these criteria but still be displaced, thus giving an erroneously high estimate of a subject's threshold.
A major advantage of some of the newer psychophysical techniques that use forced-choice procedures is that they not only control for response criterion but also provide an accuracy indicator. For example, in a two-flash threshold study one learns not whether the patient is willing to call a stimulus array a single or a double flash, but rather which of three stimulus arrays the subject will call a double flash. Since only one array is in fact double, the subject's accuracy of performance can be scored, thus providing a tighter control over the meaning of the subject's performance.
In most patient research, however, forced-choice procedures are not used and full functions are rarely obtained. Usually, a single value-e.g., the two-flash threshold-is measured. Such studies may well show, for example, a correlation between two-flash threshold and skin conductance. But the presence of the correlation does not guarantee that the two-flash threshold was in fact a bona fide sensory measure. The correlation may just as well reflect nonsensory variables that influenced the threshold measure obtained-e.g., the level of attention, the degree of cautiousness, or the level of effort mobilized by the patient.
To better understand the problems involved in testing psychiatric patients in sensory experiments and to suggest methods and procedures that can validly measure sensory performance, it is necessary to consider the complexity of psychophysical methods. There are several components to this complexity. The first component is that all of the methods require the subject to make a judgment or choice among stimuli, and this decision necessarily requires the subject to be "aware" of the stimuli; i.e., to rely on phenomenal experience in making a discrimination. Kahneman (1968) has coined the term "criterion content" to refer to the stimulus attributes or cues used by the subject in making a discrimination. Trained, nonpatient subjects are capable of systematically "introspecting" their use of such cues, and a study of such cue reports can be of assistance in interpreting discrimination performance. In one study of the twoflash threshold, a measure used frequently to study psychiatric subjects, Kietzman and Sutton (1968) found that for normal subjects operating at 90-percent accuracy, two pulses of light were reported to differ from one pulse of light of equal energy on the basis of a perception of twoness in only one-third of the trials. In a somewhat larger percentage of trials the difference was perceived to be one of duration, and in the remainder of trials either color differences or a miscellany of other ill-defined percepts were reported. What these findings point up is the complexity contributed to psychophysical judgment by criterion content. This complexity may offer some insight into the difficulty we encounter in obtaining reliable discrimination data in psychiatric patients.
A second component of the complexity of judgments has to do with the fact that in the context of making a difficult discrimination many of the methods require the patient to hold a number of events in memory, sometimes over a 5-to 10-second period, or longer. If patients have difficulty in maintaining sets, as Nuechterlein's review suggests, then some psychophysical methods may fail on this basis alone. Different psychophysical methods involve quite different memory demands. Thus, the single stimulus method, in which the subject compares the presented stimulus with an internal standard, imposes a much greater memory load than the temporal forced-choice method, in which the subject is required to say which of three time intervals contains the stimulus that is different. In the absence of empirical data, it would seem best to use methods that require the subject to remember over the shortest possible duration of time what is to be discriminated.
It is the thesis of this paper that the complexities involved in psychophysical judgments described above can frequently be dealt with by the sophisticated use of RT techniques. We have found that patients who cannot reliably discriminate two stimuli from each other with forced-choice techniques can, under certain conditions, do so with simple RT. The subject's only task is to lift his finger to every stimulus as soon as and as rapidly as possible. The different stimuli are presented in random sequence. Since the subject always makes the same response, he does not have to make any discrimination at the level of awareness. However, his average RT will differ as a function of the stimuli which elicited theme.g., a more rapid response to a slightly more intense stimulus.
Reaction Time as a Psychophysical Method
The use of RT as a psychophysical method can be traced back to Cattell (1902) , who used choice RT to study the perception of color and brightness. Since that early investigation done by Cattell in Wundt's laboratory, there have been numerous but scattered reports of studies in which RT has been used as a psychophysical method (Snodgrass 1975) .
Galanter (1962) suggests that problems of psychophysics can be grouped into four types of responses: detection, discrimination of differences, recognition or identification, and the scaling of magnitudes. In the 20th century, RT has been used to investigate all four classes of psychophysical response, but for purposes of brevity the discussion here is focused mainly on detection, discrimination, and the scaling of magnitude. (Recognition or identification can be viewed as a variant of the discrimination of differences.)
The detection problem is concerned with the amount of energy (intensity or duration) necessary for the observer consistently to report the presence of the stimulus. RT measurement to threshold level stimuli can provide both a measure of the frequency of response and the speed of response Kietzman 1973 and Greenbaum 1963) . Furthermore, by including trials without a stimulus (catch trials) in such an experiment, it is possible to obtain estimates of both the subject's response criterion and a measure of sensitivity that is free of the response criterion (Bruder and Kietzman 1973) .
The discrimination problem is simply the measurement of the difference threshold, which is the smallest change that can reliably be discriminated by the subject. In studies by Johnson (1939) and Steinman (1944) RT was used to measure the difference threshold.
The scaling problem is concerned with quantifying the sensations of the subject. The experimental manipulation is to change some physical aspect of the stimulus such as its intensity. One classical psychophysical approach is to ha ie the subject assign numbers to the different stimuli in order to obtain a function depicting the changes in the perceived loudness or brightness of the stimulus in relation to the physical stimulus changes. In studies by Chocholle (1940-41) and McGill (1961) RT was related to the magnitude of sensation. An interesting conclusion offered by McGill was that there is a more meaningful relationship between RT and the loudness of the stimulus than between RT and the intensity of the stimulus.
Reaction Time Methodology
How does the RT procedure help control for differences between groups arising from attentional and attitudinal variables? Several factors are relevant. As noted above, by requiring only a simple finger lift to all stimuli, the task has been simplified, and the subject may not even be aware that the stimuli differ. Furthermore, the complexities of the act of judgment and many of its attendant confounding attitudes, such as being more cautious with one stimulus than another, are reduced or eliminated. This is facilitated by the fact that since the subject is under the injunction to respond as soon as possible, the very speed of the response leaves no time to ponder the stimuli and thus reduces the possibility of differential attitudes to different stimuli. The influence of sets which can be developed prior to stimulus presentation is averaged out by randomizing the different stimuli from trial to trial. As with the more controlled psychophysical methods such as forced choice, if the patient fails to attend, differences between stimuli do not emerge. This means that poor performance cannot be accepted as positive evidence of the inability to discriminate, since the poor performance may be due to inattention or lack of cooperation. This feature is both the strength and weakness of good methodology, since one is on the strongest inferential ground when predicting that patients can make a discrimination that normals cannot make. This argument is best clarified by an example.
In a study by Collins et al. ( in press), we have an example of better discrimination for schizophrenic patients. In this study subjects were presented, in random sequence, either with a 4-msec light flash or with two 2-msec light flashes separated by a 2-msec dark interval., Subjects made the identical response, a simple finger lift to either stimulus array. Since on the basis of prior work, we knew that normals integrated light energy over time for at least 10 msec-i.e., their critical durations were 10 msec or longer-we expected their RTs to the two equal-energy light packages to be the same. This is what was found (see squares in figure 1) since the normals cluster along the diagonal line representing equal RT. The nonschizophrenic hospitalized psychiatric patients, who included a number of miscellaneous diagnoses, while in general showing longer RTs than the normal subjects, did not depart significantly from the line representing equal RT (shown as triangles in figure  1 ). However, the schizophrenic patients (shown as circles in figure 1 ) clustered above the line of equal RT. For them, RT to the paired light flash was longer than to the single light flash even though the two packages were equal in light energy. Evidently, schizophrenic patients have shorter critical durations than normals (less than 6 msec). When it is borne in mind that normal subjects cannot make this discrimination even with sensitive psychophysical methods that utilize verbal responses, it is evident that with this procedure schizophrenic patients make a discrimination that normal subjects cannot make. Of course, it is not easy to generate experimental designs in which patients perform better than normals. In the Collins et al. study (in press) , what was done was to assume that if schizophrenic patients had a shorter critical duration, an experiment could be designed in which this would show up as a discrimination that normal subjects could not make.
In the absence of the hypothesis of better performance for patients, one can use differences in response variability as a partial approach to the assessment of the subject's attention and cooperation. Unfortunately, the almost universal observation of greater response variability in schizophrenic patients makes variability a somewhat tenuous prop (Goldstone 1975) . A potentially more elegant, though much more time-consuming solution, is to measure complete functions rather than just a few values on a psychophysical curve. If one were to obtain for patients, functions with the proper shape or slope (as shown by normal controls) except for some systematic deviation, it would lend credence to the deviation even if it showed that patients were discriminating less sensitively than normals.
Recently there have been developments in psychophysical methodology and theory that have important implications for patient research. Signal detection theory has provided psychophysics with a technique for measuring response criterion. As noted above, the response criterion was a confounding variable in early patient studies that used the critical flicker frequency measure: when it was eliminated by forced-choice methodology, differences in CFF sensitivity between patients and normals disappeared. Signal detection measures can be obtained in RT experiments (Bruder and Kietzman 1973 , Greenbaum 1963 , and John 1967 . In fact, several papers have discussed the theoretical and methodological aspects of evaluating response criterion in RT research (Murray 1970, and Emmerich et al. 1972) .
Another recent important development has been the refinement of adaptive psychophysical methods that employ staircase-like stimulus changes that reflect or adapt to the ongoing performance of the subject (Levitt 1971). For example, if on a given trial, the subject reports the presence of the stimulus, on the next trial the stimulus level would be decreased; or if the subject does not report the presence of the stimulus, on the next trial the stimulus level would be increased. In these methods, the subject's performance determines how rapidly he is brought to threshold level. Combined with forced-choice or signal detection procedures, these adaptive staircase methods are particularly well suited for patient research (Bruder et al. 1975) . One of their chief advantages is that a reliable threshold may be obtained quite rapidly, sometimes in only 10 minutes (Bruder, personal communication, 1977) . RT, rather than the usual verbal report of psychophysics, could be used to obtain data with an adaptive, staircase procedure. This approach would be particularly possible for laboratories with mini-computer programming facilities. There are several indirect advantages which accrue from the use of RT as a psychophysical technique. First, the measure itself provides a way of monitoring the subject's performance, as it is highly sensitive to any factors which tend to reduce the subject's level of effort (King 1975) . Second, the RT technique can provide more than one response measure from the same data, and it can do so in a very efficient way. In an RT experiment measuring visual thresholds (Bruder and Kietzman 1973) , three separate measures were obtained with no additional effort: frequency of responding, response latency, the area under the ROC curve-and a signal detection measure which is free of response bias. To the extent that the different measures are independent, they provide additional information and may well be tapping different underlying mechanisms. For example, at visual threshold, the frequency of response and the latency of response may be tapping different aspects of the underlying neural response (Sternberg and Knoll 1973).
Interpretation of Findings
Stimuli are discriminated by the RT response, but it should be noted that no assumption is made that the discrimination is available to awareness. This is an empirical question which would have to be studied for each measure for each population. For patient populations this might be a difficult undertaking, since as indicated above one of our reasons for shifting to the RT procedure was the fact that patients were unable to perform the discrimination at the level of verbal response.
Rather, we have tended to assume that if we obtain evidence of discrimination differences between patients and normals, the source of those differences is in their nervous systems-i.e., at the physiological level. This assumption is strengthened if the discrimination is not available to awareness, since it makes the procedure less vulnerable to a number of sources of psychological confounding. Of course, a number of other aspects of experimental design are also critical i f_ a physiological source of a difference is to be inferred. We are simply arguing that unavailability to awareness can be a useful addition. Brindley (1960) has distinguished between two types of psychophysical measures: class A observations, which make more possible the drawing of physiological inferences, and class B observations, which make less possible the drawing of physiological inferences. For Brindley, determination of absolute and difference thresholds (and the measurement of discrimination by matching tasks) are examples of class A observations since they establish the stimulus conditions under which two stimuli are or are not discriminable. For example, Brindley prefers behavorial measures for which, as the stimulus intensity is increased, the subject first is recorded as saying "no" for the lower values, and then as the stimulus reaches a certain level as occasionally saying "yes," and finally with further stimulus increments as saying "yes" all the time. In this case, the transition between the "no" and "yes" responses provides the most meaningful interface with the physiological correlates. Physiological recording concomitant with the psychophysical measurement enables the experimenter to identify the physiological changes which are occurring as the behavior shifts from "no" to "yes" as a result of changes in stimulus intensity.
The less desirable class B observations are those which cannot be expressed as the identity or nonidentity of two sensations. In this type of observation there is greater opportunity for (in our terminology) subject option (Sutton 1969) to be manifested and relatively little opportunity to pin down the response to a specific physical change in the stimulus. An example of this type of observation would be found in studies of spiral aftereffect in which subjects are asked to report on the aftereffects of seen motion. In one set of studies, there was an attempt to use the spiral aftereffect as an indicator of brain damage, but reliability turned out to be poor. One possible reason for this failure may be the nature of the observation employed (Mayer and Coons 1960) . Brindley suggests that many class B observations can be converted to class A observations by modifying the experimental procedures. Cornsweet and Pinsker (1965) note that for Brindley's class A observations to be maximally effective in allowing conclusions to be drawn about physiological mechanisms, the experiment must include the proviso that the performance be driven to its most sensitive level. For example, they suggest that knowledge of results and reinforcement (or payoff) can shift the threshold to its greatest sensitivity. Therefore, they would hold that it is when the individual is performing at maximum efficiency-with minimum subject option and with a high degree of sensitivity to the manipulation of the independent variable-that meaningful physiological statements or conclusions would be most likely to be forthcoming.
RT as a response measure can be adapted to either class A or class B situations. In one adaptation of RT to a class A observation, we have used the identity versus nonidentity criterion that is employed when using verbal responses (Collins et al., in press) . In this study, described above, we interpreted the schizophrenic patients as being able to discriminate the two stimulus arrays because their average RTs were different. The normal controls and other patients were interpreted as being unable to make the discrimination because their RTs to the two stimulus arrays were not different.
The application of the Brindley and the Cornsweet and Pinsker considerations to the measurement of sensory performance in psychiatric subjects is obvious. If the purpose of the experiment is to determine if psychiatric subjects really do differ from nonpatients in central nervous system functioning, then it is necessary to perform experiments which not only use Brindley's class A format but are designed so that the subject's best or most sensitive discrimination is obtained. Vaughan (1975) has proposed that simple RT might be optimally suited for the measurement of the physiological correlates of behavior. His argument rests on the fact that in an RT paradigm the physiological activity can be precisely linked in time to specifiable events-the onset of the stimulus, the interval between stimulus and response, and the time of occurrence of the response.
Summary
Despite the long history of experimental investigation of sensory performance in psychiatric patients, it remains unresolved whether patients in fact differ from normals in their sensory functioning. It is still not known that reported sensory differences do not simply reflect a generalized, lowered performance of the patients that is not sensory but is due to some cognitive, attitudinal, or mood factor, such as the approach of the patient to the task, the level of attention, the response criterion, or the patient's motivation. These state variables, in interaction with the experimental methods typically employed, create another set of problems that make interpretation of the data difficult.
We propose that the simple RT procedure as a psychophysical method offers numerous advantages in sensory research with psychiatric patients. The RT procedure is simpler in several ways: it makes relatively little demand on memory; it does not require a verbal response, which allows the generation of reliable discrimination data (RT data) even when reliable verbal discriminations are not given by the patient; it does not necessarily require that, for RT differences to be obtained, there be phenomenal differences between the stimuli. Further, the RT method efficiently provides multiple response measures from the same data. All of the advantages of contemporary psychophysical methods such as checks on response criterion and the use of efficient adaptive procedures are applicable to the RT psychophysical method. Finally, RT measures can be used as class A observations that in turn strengthen attempts to relate psychophysical responses to appropriate physiological correlates.
